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(54) ANTENNA DEVICE FOR PORTABLE TELEPHONE, AND METHOD OF MANUFACTURE 



(57) An antenna device (A3) for a portable tele- 
phone includes a whip antenna (1) having a larger- 
diameter portion (52) formed near its upper end by 
means of forming. The guide ring (7) consisting essen- 
tially of a synthetic resin fits on the whip antenna (1), 
such that the guide ring (7) abuts against the larger- 
diameter portion (52) to rest at a position below the 
larger-diameter portion. The whip antenna (1) and the 
guide ring (7) are coated with a coating layer (19) con- 
sisting essentially of a synthetic resin. The coating layer 



(19) has a main portion (54) coating the whip antenna 
(1) below the guide ring (7), and a joint portion (56) 
coating the guide ring (7) and the larger-diameter por- 
tion (52). A helical antenna (25) is arranged such that it 
is electrically connected to a metal terminal (62) and is 
mechanically connected to the whip antenna (1) 
through the joint portion (56) and the metal terminal 
(62). The helical antenna (25) is coated with a block (31 ) 
consisting essentially of a synthetic resin. 
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Description 

Technical Field 

[0001] The present invention relates to an antenna 
device for a portable telephone and a method of manu- 
facturing the antenna device, and more particularly to 
an improvement of an antenna device having a struc- 
ture in which a helical antenna is connected to the top of 
a whip antenna. 

Background Art 

[0002] As an antenna device for a portable tele- 
phone, such a type is known that includes a whip 
antenna consisting of a conductive wire like a resilient 
rod, and a helical antenna consisting of a conductive 
wire having a helical shape and connected to the top of 
the whip antenna. The whip and helical antennas are 
coated with layers each made of a synthetic resin (the 
term "a resin" used hereinafter means a synthetic resin) 
to improve their appearance and to protect their bodies. 
The whip antenna is provided with a first male terminal 
electrically connected thereto on the bottom side, and a 
second male terminal electrically connected to the heli- 
cal antenna on the top side. There are two cases, in one 
of which the helical antenna is electrically connected to 
the whip antenna, and in the other of which the helical 
antenna is electrically isolated from the whip antenna. 
When the antenna device is pulled out of the telephone 
main body, the first male terminal is electrically con- 
nected to a female terminal arranged on the telephone 
main body. When the antenna device is pushed into the 
telephone main body, the second male terminal is elec- 
trically connected to the female terminal arranged on 
the telephone main body. 

[0003] The whip antenna coated with a resin layer 
needs to have an exposed portion uncovered with the 
resin layer at one or two ends to attach a male terminal 
or terminals to the whip antenna. Conventionally, such a 
whip antenna coated with a resin layer is manufactured 
by either of the following two methods. 

(1) A whip antenna having a predetermined length 
is inserted in a resin tube which has been cut in 
advance to have a slightly shorter length. 

(2) A long metal wire for a whip antenna is coated 
with a resin extrusion-molded all over the wire, and 
then is cut into a predetermined length, from which 
portions of the resin coating layer at opposite ends 
are peeled off. 

[0004] Where the manufacturing method (1) is 
used, there is a problem in that the resin tube and the 
whip antenna are less integrated, thereby allowing a 
positional shift between these two members. If the 
clearance between the resin tube and the whip antenna 
is made small to increase their integration, the operation 



of inserting the whip antenna into the resin tube 
becomes difficult, and thus the manufacturing becomes 
difficult to perform automatically. 
[0005] Where the manufacturing method (2) is 

5 used, the operation of peeling off the opposite end por- 
tions of the resin coating layer is complicated, so the 
manufacturing cost becomes high. Further, where the 
whip antenna, which is generally formed of a thin metal 
wire, is set within a mold, and a conventional resin mold- 

io ing is carried out, the whip antenna is bent by the resin 
pressure, so the resin coating layer tends to have an 
uneven thickness. Especially, the whip antenna needs 
to have resilience as a property, and thus may be 
formed of a super-elastic alloy wire, which is flexible and 

is resilient. In this case, the super-elastic alloy wire is eas- 
ily bent by the resin pressure, thereby hardly forming a 
resin coating layer having a uniform thickness. 
[0006] Further, in the conventional manufacturing 
methods, since male terminals are attached after the 

20 resin coating layer is arranged, there are problems in 
that the male terminals damage the resin coating layer 
when they are caulked on the resin coating layer, and 
the male terminals apply an excessive clamping stress 
to the resin coating layer, thereby causing the coating 

25 layer to be split during its service time. 

Disclosure of Invention 

[0007] An object of the present invention is to pro- 
30 vide an antenna device for a portable telephone and a 
method of manufacturing the antenna device which can 
solve the above described problems. 
[0008] According to a first aspect of the present 
invention, there is provided an antenna device for a 
35 portable telephone, comprising: 

a whip antenna (1) having a larger-diameter portion 
(52) formed near its upper end by means of form- 
ing; 

40 a first coating layer (19) consisting essentially of a 
synthetic resin, and having a main portion (54) 
coating the whip antenna (1) below the larger-diam- 
eter portion (52), and a joint portion (56) coating the 
larger-diameter portion (52); 
45 a metal terminal (62) mechanically connected to 
the joint portion (56); 

a helical antenna (25) mechanically connected to 
the whip antenna (1) through the joint portion (56) 
and the metal terminal (62), such that the helical 
so antenna (25) is electrically connected to the metal 
terminal (62) and electrically isolated from the whip 
antenna (1); and 

a second coating layer (31) consisting essentially of 
a synthetic resin and coating the helical antenna 

55 (25). 

[0009] According to a second aspect of the present 
invention, there is provided an antenna device for a 
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portable telephone, comprising: 

a whip antenna (1) having a larger-diameter portion 
(52) formed near its upper end by means of form- 
ing; 5 
a guide ring (7) consisting essentially of a synthetic 
resin and fitting on the whip antenna (1), such that 
the guide ring (7) abuts against the larger-diameter 
portion (52) to rest at a position below the larger- 
diameter portion (52); 10 
a first coating layer (19) consisting essentially of a 
synthetic resin, and having a main portion (54) 
coating the whip antenna (1) below the guide ring 
(7), and a joint portion (56) coating the guide ring 
(7) and the larger-diameter portion (52); 15 
a metal terminal (62) mechanically connected to 
the joint portion (56); 

a helical antenna (25) mechanically connected to 
the whip antenna (1) through the joint portion (56) 
and the metal terminal (62), such that the helical 20 
antenna (25) is electrically connected to the metal 
terminal (62); and 

a second coating layer (31) consisting essentially of 
a synthetic resin and coating the helical antenna 
(25). 25 



[001 OJ According to a third aspect of the present 
invention, there is provided the device according to the 
second aspect, wherein the whip antenna (1) and the 
helical antenna (25) are electrically isolated from each 30 
other. 

[0011] According to a fourth aspect of the present 
invention, there is provided the device according to the 
second aspect, wherein the whip antenna (1) and the 
helical antenna (25) are electrically connected to each 35 
other. 

[0012] According to a fifth aspect of the present 
invention, there is provided the device according to the 
second aspect, wherein the guide ring (7) has an outer 
diameter substantially the same as that of the main por- 40 
tion (54) of the first coating layer (19). 
[0013] According to a sixth aspect of the present 
invention, there is provided the device according to any 
one of the first to fifth aspects, wherein the metal termi- 
nal (62) has a recess (65) at an end facing the whip 45 
antenna (1). a projection (67) radially extending for pre- 
venting detachment is arranged in the recess (65), and 
the joint portion (56) has an end embedded in the 
recess (65). 

[001 4] According to a seventh aspect of the present so 
invention, there is provided a method of manufacturing 
an antenna device for a portable telephone, the device 
comprising 



a first coating layer (19) consisting essentially of a 
synthetic resin, and having a main portion coating 
the whip antenna (1) below the guide ring (7), 
a helical antenna (25) mechanically connected to 
the whip antenna (1) through a metal terminal (27), 
such that the helical antenna (25) is electrically 
connected to the metal terminal (27) and is posi- 
tioned on an upper side of the whip antenna (1), 
and 

a second coating layer (31) consisting essentially of 
a synthetic resin and coating the helical antenna 
(25), 

the method comprising: 

a first molding step of molding the guide ring (7) by 
means of insert molding, using first synthetic resin, 
such that the guide ring (7) fits on the whip antenna 
(1) near its lower end; 

a placing step, after the first molding step, of placing 
in a mold (9) the whip antenna (1) with the guide 
ring (7) attached thereto, the helical antenna (25), 
and the metal terminal (27), in accordance with 
positional relationships in the device; and 
a second molding step, after the placing step, of 
pressure injecting a second synthetic resin different 
from the first synthetic resin into the mold (9). and 
coating the whip antenna (1) with the second syn- 
thetic resin to form the first coating layer (19). while 
moving the guide ring (7) on the whip antenna (1) 
toward the metal terminal (27) by the second syn- 
thetic resin. 

[001 5] According to an eighth aspect of the present 
invention, there is provided a method of manufacturing 
the device according to the second aspect, the method 
comprising: 

a first molding step of molding the guide ring (7) by 
means of insert molding, using first synthetic resin, 
such that the guide ring (7) fits on the whip antenna 
(1) near its lower end, the whip antenna (1) having 
the larger-diameter portion (52) formed thereon; 
a placing step, after the first molding step, of placing 
in a mold (9) the whip antenna (1 ) with the guide 
ring (7) attached thereto, the helical antenna (25), 
and the metal terminal (62), in accordance with 
positional relationships in the device; and 
a second molding step, after the placing step, of 
pressure injecting a second synthetic resin different 
from the first synthetic resin into the mold (9), and 
coating the whip antenna (1) and the guide ring (7) 
with the second synthetic resin to form the first 
coating layer (19), while moving the guide ring (7) 
on the whip antenna (1) by the second synthetic 
resin until the guide ring (7) hits the larger-diameter 
portion (52). 

[0016] According to a ninth aspect of the present 
invention, there is provided the method according to the 



a whip antenna (1). ss 
a guide ring (7) consisting essentially of a synthetic 
resin and fitting on the whip antenna (1) near its 
upper end, 
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seventh or eighth aspect, wherein the guide ring (7) has 
an outer diameter substantially the same as that of the 
main portion (54) of the first coating layer (19). 
[0017] According to a tenth aspect of the present 
invention, there is provided the method according to the 
seventh or eighth aspect, wherein the first synthetic 
resin has a temperature of deflection under load higher 
than that of the second synthetic resin by 60°C or more, 
when a flexural stress of 18.0 MPa is applied. 
[0018] The term "temperature of deflection under 
load" described above is defined in JIS K 7191-1 (ISO 
75-1). Specifically, a temperature of deflection under 
load is a temperature at which deflection of a target 
resin test piece reaches a reference deflection value 
under the condition that the test piece is heated up at a 
constant rate while being supplied with a constant flex- 
ural stress, e.g., 18.0 MPa or 0.45 MPa. 
[0019] In the antenna device according to either 
one of the first and second aspect, the whip antenna is 
provided with a larger-diameter portion formed near its 
upper end by means of forming. The engagement of the 
larger-diameter portion (or the larger-diameter portion 
and the guide ring resting thereon) with the joint portion 
of the resin coating layer coating the whip antenna pre- 
vents the positional shift between the whip antenna and 
the coating layer. 

[0020] In the antenna device according to the sixth 
aspect, the metal terminal of the helical antenna is pro- 
vided with the recess at an end. with a projection for 
preventing detachment arranged therein, and the joint 
portion has an end embedded in the recess. Conse- 
quently, the metal terminal and the joint portion are con- 
nected to each other with a high mechanical strength 
and a high reliability. 

[0021] In the manufacturing method according to 
either one of the seventh and eighth aspect, the guide 
ring is first molded and the resin coating layer for coat- 
ing the whip antenna is then molded. When the resin of 
the coating layer is pressure injected, the whip antenna 
is held by the guide ring so as not to be shifted from the 
center, thereby allowing the whip antenna to be coated 
with the resin coating layer hardly having an uneven 
thickness. The insert molding employed for this molding 
allows the resin coating layer to be satisfactorily inte- 
grated with the whip antenna. 

[0022] Further, since the coating layer is not 
squeezed by the metal terminal, the coating layer is 
hardly damaged while no gap is formed between the 
coating layer and the metal terminal. The guide ring is 
left on the whip antenna and does not need to be 
removed. The guide ring can be covered within the 
metal terminal or the resin coating layer, thereby not 
degrading the external appearance. 
[0023] In the manufacturing method according to 
the tenth aspect, the resin of the guide ring has a tem- 
perature of deflection under load higher than that of the 
resin of the coating layer for the whip antenna by 60°C 
or more, when a flexural stress of 18.0 MPa is applied. 



Consequently, the guide ring cannot be deformed or 
adhered to the whip antenna by the temperature of the 
latter resin injected thereafter. 

[0024] In the manufacturing method according to 
5 the present invention, the guide ring and the coating 
layer for the whip antenna are preferably molded from 
resins different from each other. This is because the 
guide ring is required not to be deformed by the temper- 
ature of the coating resin injected thereafter, but to have 
10 a satisfactory slipping property relative to the whip 
antenna. If the guide ring is to be formed from the resin 
similar to that of the coating layer, this requirement can 
be hardly satisfied. 

[0025] The guide ring is preferably molded from a 
is resin containing filler (glass fibers or a lubricant), or 
tetrafluoroethylene resin polymer functioning as a lubri- 
cant, while the coating layer for the whip antenna is pref- 
erably molded containing no filler. Where a resin 
containing a filler is used for the guide ring, the guide 
20 ring can have a satisfactory slipping property relative to 
the whip antenna, so that the resin coating for the whip 
antenna can be easily performed with a low pressure. A 
resin containing no filter is used for the whip antenna 
coating layer, so that the elasticity (flexibility) of the whip 
25 antenna is not damaged. This property is important in 
an antenna device for a portable telephone. 

Brief Description of Drawings 



30 [0026] 

FIG. 1 is a partially-cross-sectional side view show- 
ing an antenna device for a portable telephone 
according to a first embodiment of the present 

35 invention. 

FIG. 2 is a partially-cross-sectional side view show- 
ing a step of molding a guide ring, according to the 
first embodiment of the present invention, 
FIG. 3 is a perspective view showing one end side 

40 of an insert component with the molded guide ring. 
FIG. 4 is a partially-cross-sectional side view show- 
ing a step of molding a resin coating layer, accord- 
ing to the first embodiment of the present invention. 
FIG. 5 is a partially-cross-sectional side view show- 

45 ing an antenna device for a portable telephone 
according to a second embodiment of the present 
invention. 

FIG. 6 is a partially-cross-sectional side view show- 
ing a step of molding a guide ring, according to the 
so second embodiment of the present invention. 

FIG. 7 is a partially-cross-sectional side view show- 
ing a step of molding a resin coating layer, accord- 
ing to the second embodiment of the present 
invention. 

55 FIG. 8 is a partially-cross-sectional side view show- 
ing an antenna device for a portable telephone 
according to a third embodiment of the present 
invention. 
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FIG. 9 is a partially-cross-sectional side view show- 
ing an antenna device for a portable telephone 
according to a fourth embodiment of the present 
invention. 

Best Mode of Carrying Out the Invention 
(First Embodiment) 

[0027] FIG. 1 is a partially-cross-sectional side view 
showing an antenna device A1 for a portable telephone 
according to a first embodiment of the present inven- 
tion. The antenna device A1 includes a whip antenna 1 
consisting of a super-elastic alloy wire, and a helical 
antenna 25 consisting of a Ni alloy wire connected to 
the distal end of the whip antenna by means of welding. 
[0028] A first male terminal 29, which is made of a 
metal and has a cylindrical shape, is coaxially arranged 
at the proximal end of the whip antenna 1 , while a sec- 
ond male terminal 27, which is made of a metal and has 
a cylindrical shape, is coaxially arranged at the distal 
end of the whip antenna 1 . The second male terminal 
27 is electrically connected to the proximal end of the 
helical antenna 25. The first male terminal 29 is electri- 
cally connected to the proximal end of the whip antenna 
1 by its caulked portion 29a. The caulked portion 29a of 
the first male terminal 29 is integrally formed from a 
metal plate used for the first male terminal 29. as shown 
in FtG. 3. 

[0029] The outer surface of the whip antenna 1 is 
coated with a resin coating layer 19 to constitute a resin- 
coated whip antenna section 21 . The helical antenna 25 
and the distal end of the second male terminal 27 are 
embedded in a resin layer or resin block 31. A female 
terminal 33 made of a metal is loosely put on the resin- 
coated whip antenna section 21. The first and second 
male terminals 29 and 27 have the same outer diame- 
ter, while the female terminal 33 has an inner diameter 
to fit on the first and second male terminals 29 and 27. 
The female terminal 33 is fixed to a telephone main 
body 35, and electrically connected to a circuit arranged 
in the telephone main body 35. A reference symbol 7 
denotes a guide ring used when the whip antenna 1 is 
being coated with the resin coating layer 19. 
[0030] When the antenna device A1 is pulled out of 
the telephone main body 35, the first male terminal 29 is 
inserted in the female terminal 33 to form an electrical 
connection therebetween. When the antenna device A1 
is pushed into the telephone main body 35. the second 
male terminal 27 is inserted in the female terminal 33 to 
form an electrical connection therebetween. 
[0031] FIGS. 2 and 4 are partially-cross-sectional 
side views showing steps of a method of manufacturing 
the antenna device A1 shown in FIG. 1 . 
[0032] In the method according to this embodiment, 
at first, an insert component to be set in a mold 3 as 
shown in FIG. 2 is assembled. The insert component is 
assembled such that the first male terminal 29 is 



attached to the proximal end of the whip antenna 1 , the 
helical antenna 25 and the second male terminal 27 are 
attached to the distal end of the whip antenna 1 , and the 
female terminal 33 is fitted on the second male terminal 

5 27. 

[0033] Then, the inset component is set in the mold 
3 for molding the guide ring, as shown in FIG. 2, and a 
resin is injected into a cavity 5 to mold the guide ring. 
With this step, the whip antenna 1 is provided with the 
10 annular guide ring 7 attached thereto near the first male 
terminal 29. 

[0034] The outer diameter of the guide ring 7 is set 
to be the same as or slightly smaller than the outer 
diameter of the resin coating to be applied on the whip 

75 antenna 1 later. This is determined to cause the guide 
ring 7 to slide in the mold and to prevent a resin from 
leaking through the gap between the guide ring 7 and 
the mold, when the whip antenna 1 is coated with the 
resin in a later step. The resin used for the guide ring 7 

20 differs from the resin used later for coating the whip 
antenna 1 , such that it has a softening point higher than 
that of the coating resin. More specifically, the resin for 
the guide ring 7 has a temperature of deflection under 
load higher than that of the coating resin for the whip 

25 antenna 1 by 60°C or more, and preferably by from 
60°C to 100°C. when a flexural stress of 18.0 MPa is 
applied. 

[0035] The term "temperature of deflection under 
load" described above is defined in JIS K 7191-1 (ISO 

30 75-1). Specifically, a temperature of deflection under 
load is a temperature at which deflection of a target 
resin test piece reaches a reference deflection value 
under the condition that the test piece is heated up at a 
constant rate while being supplied with a constant f lex- 

35 ural stress, e.g., 18.0 MPa or 0.45 MPa. 

[0036] Since the guide ring 7 is a member molded 
around the whip antenna 1 , the ring 7 f its on the whip 
antenna 1 . However, the guide ring 7 is short, and thus 
does not cause so much friction with the whip antenna 

40 1 , so that it can be slid in the longitudinal direction of the 
whip antenna 1 when it is pushed. In order to improve 
the slipping property of the guide ring 7 relative to the 
whip antenna 1 , the guide ring 7 is preferably formed of 
a resin containing a filler, such as glass fibers, or a pol- 

45 ymer functioning as a lubricant, such as tetraf luoroeth- 
ylene resin. 

[0037] Then, as shown in FIG. 4, the insert compo- 
nent with the guide ring 7 is set in a mold 9 used as a 
resin coating mold. The mold is constituted of two sepa- 

so rable parts which are combined to form a cavity 13 for 
forming a resin coating around the whip antenna 1 , and 
a cavity 37 for forming a resin block embedding the dis- 
tal end of the second male terminal 27 and the helical 
antenna 25. The cavities 13 and 37 are supplied with 

55 resins injected therein through resin injection ports 15 
and 39. respectively. The mold 9 further includes a 
catcher for stopping the second male terminal 27 and 
the female terminal 33 at a predetermined position and 
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a catcher for stopping the first male terminal 29 at a pre- 
determined position. 

[0038] After the insert component is set in the mold 
9, a molten resin is first pressure injected through the 
resin injection port 15. The whip antenna 1 is gradually 
coated with the resin coating layer 19 while the guide 
ring 7 is slid by the pressure of the resin. The resin stops 
being injected when the guide ring 7 enters the second 
male terminal 27 and abuts against the proximal end of 
the helical antenna 25 (see FIG. 1). 
[0039] According to this method, the intermediate 
portion of the whip antenna 1 is supported by the guide 
ring 7 to align with the central axis of the cavity 13, and 
thus hardly shifts from the center. The guide ring 7 is left 
on the whip antenna 1, and requires no operation for 
removing it. The guide ring 7 is positioned in the second 
male terminal 27, and does not degrade the external 
appearance of the antenna device A1. Further, those 
portions of the guide ring 7 and the resin coating layer 
19 which are arranged in the second male terminal 27 
contribute to an increase in the mechanical connecting 
strength between the whip antenna 1 and the helical 
antenna 25, in cooperation with the second male termi- 
nal 27. 

[0040] Then, a molten resin is pressure injected 
through the resin injection port 39 into the cavity 37 to 
mold the resin block 31 . As shown with one-dot broken 
lines in FIG. 4, the two resin injection ports 15 and 39 
may be connected to a common runner 16, so that the 
resin block 31 and the resin coating layer 19 for the whip 
antenna 1 are simultaneously formed from the same 
resin. 

[0041] After the resin solidifies, the mold 9 is 
opened and the molded product is taken out, i.e., the 
antenna device A1 as shown in FIG. 1 is obtained. The 
antenna device A1 is manufactured such that the resin 
coating layer 19 is molded after the terminals 27 and 29 
are attached to the whip antenna 1. Consequently, the 
resin coating layer 19 is not squeezed by the terminals 
27 and 29, thereby reducing the possibility of the resin 
coating layer 19 being damaged. Further, the terminals 
27 and 29 are integrated with the resin coating layer 1 9 
without caulking, and the guide ring 7 is positioned in 
the second male terminal 27 and is invisible, thereby 
attaining a satisfactory external appearance. The resin 
block 31 may be covered with another resin, if neces- 
sary. 

[EXAMPLES] 

[0042] As an example 1, an antenna device as 
shown in FIG. 1 was manufactured, using the manufac- 
turing method according to the first embodiment, under 
the following conditions. Specifically, used as the whip 
antenna 1 was a super-elastic alloy wire of Ni-Ti alloy 
storing a linear shape memory and having a diameter of 
0.9 mm (with a tolerance of +0) and a length of 1 20 mm. 
Used as the mold 3 for molding the guide ring 7 was a 



mold including a cavity 5 having an inner diameter of 1 .8 
mm (with a tolerance of +0) and a length of 2 mm. Used 
as the mold 5 for molding the resin coating layer 19 was 
a mold including a cavity 13 having an inner diameter of 

5 1 .8 mm (with a tolerance of -0) and a length of 1 1 0 mm. 
[0043] First, as shown in FIG. 2, the insert compo- 
nent was set in the mold 3 which was then heated to 
150°C. Then, insert molding was performed such that a 
polyetherimide resin ("ULTEM" (TM)) containing no 

io filler, whose temperature of deflection under load was 
200°C when a flexural stress of 18.0 MPa was applied, 
was injected with a cylinder temperature resulting in a 
molten resin temperature of 380°C. As a result, the 
guide ring 7 was formed on the whip antenna 1 at a 

is position near the first male terminal 29, as shown in 
FIG. 3. 

[0044] Then, as shown in FIG. 4, the insert compo- 
nent with the guide ring 7 was set in the mold 9, which 
was then heated to 80°C. Then, a polymethylpentene 

20 resin ("TPX" (TM)) containing no filler, whose tempera- 
ture of deflection under load was 85°C when a flexural 
stress of 0.45 MPa was applied, and which was 
selected for the Nl-Ti alloy not to deteriorate its resil- 
ience, was injected with a cylinder temperature resulting 

25 in a molten resin temperature of 330°C, into the cavity 
13 through the resin injection port 15. Then, a modified 
polyphenylene ether resin ("XYRON" (TM)) containing 
no filler was injected with a cylinder temperature result- 
ing in a molten resin temperature of 320°C, into the cav- 

30 ity 37 through the resin injection port 39. 

[0045] The antenna device thus manufactured was 
examined, and, as a result, it was confirmed that the 
whip antenna 1 was coated with the resin coating layer 
19 having no uneven thickness over the full length. 

35 [0046] As an example 2, an antenna device was 
manufactured, under the same conditions as the exam- 
ple 1 , except that the guide ring 7 was formed by means 
of insert molding, using a polyetherimide resin 
("ULTEM" (TM)) containing a glass-fiber filler at 10 wt%, 

40 whose tenrperature of deflection under load was 21 0°C 
when a flexural stress of 18.0 MPa was applied. The 
guide ring 7 thus molded by the resin containing the 
filler had a satisfactory slipping property relative to the 
whip antenna 1 , and thereby allowed the insert molding 

45 to be performed under injection conditions with a lower 
pressure and a higher speed than the example 1 . 
[0047] As an example 3, an antenna device was 
manufactured, under the same conditions as the exam- 
ple 1 , except that the guide ring 7 was formed by means 

so of insert molding, using a polyetherimide resin 
("ULTEM" (TM)) containing polytetrafluoroethylene 
resin and a glass-f |ber filler at 20 wt%, whose tempera- 
ture of deflection under load was 210°C when a flexural 
stress of 18.0 MPa was applied. The guide ring 7 thus 

55 molded had a more satisfactory slipping property rela- 
tive to the whip antenna 1, and thereby allowed the 
insert molding to be performed under injection condi- 
tions with a lower pressure and a higher speed than the 
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example 2. 

[COMPARATIVE EXAMPLES] 

[0048] As a comparative example 1 , an antenna 
device was manufactured, under the same conditions 
as the example 1, except that the guide ring 7 was not 
attached to the whip antenna 1. The antenna device 
thus manufactured ended up having an uneven resin 
layer, therefore exposing part of the central portion of 
the whip antenna. 

[0049] As a comparative example 2, an antenna 
device was manufactured, under the same conditions 
as the example 1, except that the guide ring 7 was 
formed by an injection molding, using a polymethylpen- 
tene resin ("TPX" (TM)) with a cylinder temperature 
resulting in a molten resin temperature of 330°C. As a 
result, the guide ring 7 was not slid to prevent the whip 
antenna from being coated with the resin. 
[0050] As a comparative example 3, a guide ring 
two to four times longer than the guide ring of example 
1 was used as the guide ring. As a result, the whip 
antenna was prevented from being coated with the 
resin. 

[0051 ] It has been confirmed from the trial manufac- 
ture that the manufacturing method according to the 
present invention is effective in preventing unevenness 
of the coating layer. 

(Second Embodiment) 

[0052] FIG. 5 is a partially-cross-sectional side view 
showing an antenna device A2 for a portable telephone 
according to a second embodiment of the present 
invention. The antenna device A2 includes a whip 
antenna 1 consisting of a super-elastic alloy wire, and a 
helical antenna 25 consisting of a Ni alloy wire mechan- 
ically connected to the distal end of the whip antenna 1 . 
The whip antenna 1 and the helical antenna 25 are elec- 
trically isolated from each other. 
[0053] A first male terminal 29, which is made of a 
metal and has a cylindrical shape, is coaxial I y arranged 
at the proximal end of the whip antenna 1 , while a sec- 
ond male terminal 27, which is made of a metal and has 
a cylindrical shape, is integratedly attached by a resin 
connector 41 (insulating body) to the distal end of the 
whip antenna 1 to be coaxial therewith. The second 
male terminal 27 is electrically connected by means of 
welding to the proximal end of the helical antenna 25. 
The first male terminal 29 is electrically connected to 
the proximal end of the whip antenna 1 by its caulked 
portion 29a. The caulked portion 29a of the first male 
terminal 29 is integrally formed from a metal plate used 
for the first male terminal 29, as shown in FIG. 3. 
[0054] The outer surface of the whip antenna 1 is 
coated with a resin coating layer 1 9 to constitute a resin- 
coated whip antenna section 21 . The helical antenna 25 
and the distal end of the second male terminal 27 are 



embedded in a resin block 31. A female terminal 33 
made of a metal is loosely put on the resin-coated whip 
antenna section 21. The first and second male termi- 
nals 29 and 27 have the same outer diameter, while the 
5 female terminal 33 has an inner diameter to fit on the 
first and second male terminals 29 and 27. A reference 
symbol 7 denotes a guide ring used when the whip 
antenna 1 is being coated with the resin coating layer 
19. 

10 [0055] FIGS. 6 and 7 are partially-cross-sectional 
side views showing steps of a method of manufacturing 
the antenna device A2 shown in FIG. 5. 
[0056] In the method according to this embodiment, 
at first, an insert component to be set in a mold 3 as 

15 shown in FIG. 6 is assembled. The insert component 
consists of two parts, one of which is formed such that 
the first male terminal 29 is attached to the proximal end 
of the whip antenna 1 , and the other of which is formed 
such that the helical antenna 25 is attached to the distal 

20 end of the second male terminal 27, and the female ter- 
minal 33 is fitted on the second male terminal 27. The 
whip antenna 1 is formed of, e.g., a super-elastic alloy 
wire having an outer diameter of 0.8 mm. 
[0057] Then, the inset component is set in the mold 

25 3 for molding the guide ring, as shown in FIG. 6. The 
mold 3 has a cavity 5 for molding the guide ring 7 and 
the cavity 47 for molding the resin connector 41 which 
connects the second male terminal 27 and the whip 
antenna 1 . The cavities 5 and 47 are supplied with res- 

30 ins injected therein through resin injection ports 1 1 and 
49, respectively. The mold 3 further includes a catcher 
for stopping the first male terminal 29 at a predeter- 
mined position and a catcher for stopping the second 
male terminal 27 and the female terminal 33 at a prede- 

35 termined position. The mold 3 is heated at 80°C in 
advance. 

[0058] After the insert component is set in the mold 
3, a modified polyphenylene ether resin ("XYRON" 
(TM)) containing no filler, whose temperature of def lec- 

40 tion under load is 170°C when a flexural stress of 18.0 
MPa is applied, is injected with a cylinder temperature 
resulting in a molten resin temperature of 320*0, into 
the cavity 5 through the resin injection port 1 1 . Then, a 
polyhexamethylene adipamide resin ("LEONA M (TM)) 

45 containing no filler, whose temperature of deflection 
under load is 70°C when a flexural stress of 18.0 MPa is 
applied, is injected with a cylinder temperature resulting 
in a molten resin temperature of 290°C, into the cavity 
47 through the resin injection port 49. 

so [0059] After the resin solidifies, the mold 3 is 
opened and the molded product is taken out, i.e.. an 
insert component for the next step is obtained. In this 
insert component, the guide ring 7 is attached to the 
whip antenna 1 near the first male terminal 29. and the 

55 distal end of the whip antenna 1 and the second male 
terminal 27 are connected to each other by the resin 
connector 41 . The size and material of the guide ring 7 
are the same as those in the first embodiment. 
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[0060] Then, the inset component is set in the mold 
9 for molding the resin coating, as shown in FIG. 7. The 
mold 9 has a cavity 13 for molding the resin coating 
layer 19 on the whip antenna 1 and the cavity 37 for 
molding the resin block 31 which embeds the distal end 
of the second male terminal 27 and the helical antenna 
25. The cavities 13 and 37 are supplied with resins 
injected therein through resin injection ports 15 and 39, 
respectively. The mold 9 further includes a catcher for 
stopping the first male terminal 29 at a predetermined 
position and a catcher for stopping the second male ter- 
minal 27 and the female terminal 33 at a predetermined 
position. The inside of the cavity 13 is tapered, such that 
its inner diameter is smaller at an intermediate position 
than the outer diameters of the second and first male 
terminals 27 and 29, but is the same as those at a posi- 
tion near the second and first male terminals 27 and 29. 
The mold 9 is heated at 80°C in advance. 
[0061] After the insert component is set in the mold 
9, an ester based thermoplastic elastomer ("PEL- 
PRENE" (TM)) containing no filler, whose temperature 
of deflection under load is 140°C when a fiexural stress 
of 0.45 MPa is applied, is injected with a cylinder tem- 
perature resulting in a molten resin temperature of 
260°C, through the resin injection port 15. The whip 
antenna 1 is gradually coated with the resin coating 
layer 19 while the guide ring 7 is slid by the pressure of 
the resin. This manner is the same as that of the first 
embodiment, thus the resin coating layer 19 hardly has 
an uneven thickness. The resin stops being injected 
when the guide ring 7 hits the resin connector 41 . When 
the guide ring 7 comes to the position where it abuts 
against the resin connector 41 , it is positioned in the 
tapered larger<liameter portion of the cavity 13, where 
the resin fills around the guide ring 7, so that it is 
embedded in the resin (see FIG. 5). 
[0062] Then, a modified polyphenylene ether resin 
("XYRON" (TM)) containing no filler is injected with a 
cylinder temperature resulting in a molten resin temper- 
ature of 320°C, into the cavity 37 through the resin injec- 
tion port 39, so that the resin block 31 is molded. As 
shown with one-dot broken lines in FIG. 7, the two resin 
injection ports 15 and 39 may be connected to a com- 
mon runner 16, so that the resin block 31 and the resin 
coating layer 19 for the whip antenna 1 are simultane- 
ously formed from the same resin. 
[0063] After the resin solidifies, the mold 9 is 
open d and the molded product is taken out, i.e., the 
antenna device A2 as shown in FIG. 5 is obtained. The 
antenna device A5 is manufactured such that the resin 
coating layer 19 is molded after the terminals 27 and 29 
are attached to the whip antenna 1 . Consequently, the 
resin coating layer 19 is not squeezed by the terminals 
27 and 29. thereby reducing the possibility of the resin 
coating layer 19 being damaged. Further, the terminals 
27 and 29 are integrated with the resin coating layer 19 
without caulking, and the guide ring 7 is embedded in 
the resin coating layer 19, thereby attaining a satisfac- 



tory external appearance. The resin block 31 may be 
covered with another resin, if necessary. 

(Third Embodiment) 

5 

[0064] FIG. 8 is a partially-cross-sectional side view 
showing an antenna device A3 for a portable telephone 
according to a third embodiment of the present inven- 
tion. The antenna device A3 includes a whip antenna 1 

10 consisting of a super-elastic alloy wire, and a helical 
antenna 25 consisting of a Ni alloy wire mechanically 
connected to the distal end of the whip antenna 1. The 
whip antenna 1 and the helical antenna 25 are electri- 
cally isolated from each other. The structure of the whip 

is antenna 1 on the proximal end, which is not shown in 
FIG. 8, is the same as those of first and second embod- 
iments, and thus an explanation thereof will be omitted. 
[0065] The whip antenna 1 is provided with a larger- 
diameter portion 52 near the distal or upper end, which 

20 has been formed by means of forming, such as stamp- 
ing or the like. A guide ring 7 made of a resin fits on the 
whip antenna 1 , and abuts against the larger-diameter 
portion 52 to rest at a position below the larger-diameter 
portion 52, i.e., on the opposite side to the helical 

25 antenna 25. 

[0066] The whip antenna 1 is coated with a resin 
coating layer 19, while the helical antenna 25 is coated 
with a resin block 31. The coating layer 19 for the whip 
antenna 1 includes a main portion 54 coating the whip 

30 antenna 1 below the guide ring 7, and a joint portion 56 
coating the guide ring 7 and the larger-diameter portion 
52. The main portion 54 and the guide ring 7 are set to 
have substantially the same diameter. The engagement 
of the guide ring 7 and the larger-diameter portion 52 

35 with the joint portion 56 prevents the positional shift 
between the whip antenna 1 and the coating layer 19. 
[0067] The joint portion 56 of the coating layer 1 9 is 
mechanically connected, in a manner described later, to 
a second male terminal 62 made of a metal, which is 

40 electrically connected to the helical antenna 25. The 
whip antenna 1 and the helical antenna 25 are mechan- 
ically connected to each other through the joint portion 
56, and the second male terminal 62. However, the whip 
antenna 1 and the helical antenna 25 are electrically 

45 isolated from each other by the joint portion 56. 

[0068] The second male terminal 62 consists of a 
solid round rod with a hollow cylindrical portion 64 
formed at the lower end to define a recess 65. The 
recess 65 is provided with a rivet 66 fixed on the ceiling, 

so and the rivet 66 has a projection 67 radially and out- 
wardly extending from the distal end. The correspond- 
ing end of the joint portion 56 is embedded in the recess 
65 and surrounds the projection 67, so that the projec- 
tion 67 prevents the joint portion 56 from being 

55 detached. The joint portion 56 has a diameter slightly 
smaller than the second male terminal 62. Conse- 
quently, the second male terminal 62 can be smoothly 
inserted into a female terminal 33. 
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[0069] Since the second male terminal 62 consists 
of a solid round rod, it has a strength higher than a hol- 
low rod. Due to this, the second male terminal 62 is pre- 
vented from being bent or broken near the attachment 
of the helical antenna 25, when an impact load is 5 
applied to the head of the antenna device A3 (i.e., a por- 
tion containing the helical antenna 25) in a state where 
the whip antenna 1 is retreated (i.e.. the second male 
terminal 62 is inserted in the female terminal 33). 
[0070] At the connection between the second male 10 
terminal 62 and the joint portion 56, the projection 67 for 
preventing detachment is embedded in the resin of the 
joint portion 56 within the cylindrical portion 64. Conse- 
quently, this connection is very strong, so that the con- 
nection between the second male terminal 62 and the is 
joint portion 56 is prevented from being bent or broken 
when a lateral load is applied to the head of the antenna 
device A3 in a state where the whip antenna 1 is pulled 
out. Further, the projection 67 for preventing detach- 
ment is surrounded by the hollow cylindrical portion 64, 20 
and the resin around the projection 67 is held by the 
metal cylindrical portion 64, which has a high rigidity, so 
that the resin around the projection 67 is prevented from 
being deformed or broken. 

[0071] The antenna device A3 for a portable tele- 
phone according to the third embodiment of the present 
invention may be manufactured by a method the same 
as either one of the manufacturing methods for the 
antenna devices A1 and A2 according to the first and 
second embodiments. However, this embodiment dif- 
fers from the first and second embodiments in that the 
guide ring 7 is positioned by the larger-diameter portion 
52 formed on the whip antenna 1 by means of forming, 
in the second -molding step of molding the coating layer 
1 9 for the whip antenna 1 . 

[0072] More specifically, as shown in FIG. 2, an 
insert component including the whip antenna 1 with the 
larger-diameter portion 52 formed thereon is placed in a 
predetermined mold. Then, a resin is pressure injected 
in the mold, so that the guide ring 7 is molded and fits on 
a portion near the lower end of the whip antenna 1 . 
[0073] Then, as shown in FIG. 4, an insert compo- 
nent, including the whip antenna 1 with the guide ring 7 
attached thereon, the helical antenna 25, and the metal 
terminal 62, is placed in an another mold, in accordance 
with the positional relationships in the device. Then a 
resin is pressure injected in the mold, so that the guide 
ring 7 is moved by the pressure of the resin on the whip 
antenna 1 from its lower end to a position where the 
guide ring 7 hits the larger-diameter potion 52. In this 
step, the whip antenna 1 and the guide ring 7 are coated 
with the resin, and the recess 65 of the metal terminal 
62 is filled with the resin. As a result, the antenna device 
A3 as shown in FIG. 8 is obtained. 

(Fourth Embodiment) 

[0074] FIG. 9 is a partially-cross-sectional side view 



showing an antenna device A4 for a portable telephone 
according to a fourth embodiment of the present inven- 
tion. The antenna device A4 includes a whip antenna 1 
consisting of a super-elastic alloy wire, and a helical 
antenna 25 consisting of a Ni alloy wire connected to 
the distal end of the whip antenna by means of welding. 
The structure of the whip antenna 1 on the proximal 
end, which is not shown in FIG. 9, is the same as those 
of the first and second embodiments, and thus an expla- 
nation thereof will be omitted. 

[0075] The whip antenna 1 is provided with a larger- 
diameter portion 72 near the upper end. which has been 
formed by means of forming, such as stamping or the 
like. A guide ring 7 made of a resin fits on the whip 
antenna 1, and abuts against the larger-diameter por- 
tion 72 to rest at a position below the larger-diameter 
portion 72, i.e., on the opposite side to the helical 
antenna 25. 

[0076] The whip antenna 1 is coated with a resin 
coating layer 19, while the helical antenna 25 is coated 
with a resin block 31. The coating layer 19 for the whip 
antenna 1 includes a main portion 74 coating the whip 
antenna 1 below the guide ring 7, and a joint portion 76 
coating the guide ring 7 and the larger-diameter portion 
72. The main portion 74 and the guide ring 7 are set to 
have substantially the same diameter. The engagement 
of the guide ring 7 and the larger<iiameter portion 72 
with the joint portion 76 prevents the positional shift 
between the whip antenna 1 and the coating layer 19. 
[0077] The upper end of the whip antenna 1 pene- 
trates the joint portion 76 and is inserted in an axial hole 
formed in a second male terminal 82 which is made of 
metal and electrically connected to the helical antenna 
25. The distal end of the whip antenna 1 is connected to 
the helical antenna 25 by means of welding, so that the 
whip antenna 1 and the helical antenna 25 are electri- 
cally connected to each other. The joint portion 76 of the 
coating layer 1 9 is mechanically connected, in a manner 
described later, to the second male terminal 82. The 
whip antenna 1 and the helical antenna 25 are mechan- 
ically connected to each other through the joint portion 
76 and the second male terminal 82, as well as the 
welding connection. 

[0078] The second male terminal 82 consists of a 
solid round rod with a hollow cylindrical portion 84 
formed at the lower end to define a recess 85. The cylin- 
drical portion 84 is provided with a projection 87 radially 
and inwardly extending from the distal end. The corre- 
sponding end of the joint portion 76 is embedded in the 
recess 85 and surrounds the projection 87, so that the 
projection 87 prevents the joint portion 76 from being 
detached. 

[0079] The antenna device A4 for a portable tele- 
phone according to the fourth embodiment of the 
present invention may be manufactured by a method 
the same as that of the antenna device A3 according to 
the third embodiment. Accordingly, an explanation of 
the method will be omitted. 
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[0080] The present invention has been described 
by way of its preferred embodiments shown in the 
accompanying drawings, though the present invention 
is not limited to the specific details of the embodiments. 
Additional advantages and modifications will readily 
occur to those skilled in the art, without departing from 
the spirit or scope of the general inventive concept as 
defined by the appended claims, and thus they should 
be interpreted to fall in the spirit or scope of the present 
invention. 

Claims 

1. An antenna device for a portable telephone, com- 
prising: 

a whip antenna having a larger-diameter por- 
tion formed near its upper end by means of 
forming; 

a first coating layer consisting essentially of a 
synthetic resin, and having a main portion coat- 
ing the whip antenna below the larger-diameter 
portion, and a joint portion coating the larger- 
diameter portion; 

a metal terminal mechanically connected to the 
joint portion; 

a helical antenna mechanically connected to 
the whip antenna through the joint portion and 
the metal terminal, such that the helical 
antenna is electrically connected to the metal 
terminal and electrically isolated from the whip 
antenna; and 

a second coating layer consisting essentially of 
a synthetic resin and coating the helical 
antenna. 

2. An antenna device for a portable telephone, com- 
prising: 

a whip antenna having a larger-diameter por- 
tion formed near its upper end by means of 
forming; 

a guide ring consisting essentially of a syn- 
thetic resin and fitting on the whip antenna, 
such that the guide ring abuts against the 
larger-diameter portion to rest at a position 
below the larger-diameter portion; 
a first coating layer consisting essentially of a 
synthetic resin, and having a main portion coat- 
ing the whip antenna below the guide ring, and 
a joint portion coating the guide ring and the 
larger-diameter portion; 
a metal terminal mechanically connected to the 
joint portion; 

a helical antenna mechanically connected to 
the whip antenna through the joint portion and 
the metal terminal, such that the helical 
antenna is electrically connected to the metal 



terminal; and 

a second coating layer consisting essentially of 
a synthetic resin and coating the helical 
antenna. 

5 

3. The device according to claim 2, wherein the whip 
antenna and the helical antenna are electrically iso- 
lated from each other. 

10 4. The device according to claim 2, wherein the whip 
antenna and the helical antenna are electrically 
connected to each other. 

5. The device according to claim 2, wherein the guide 
75 ring has an outer diameter substantially the same 

as that of the main portion of the first coating layer. 

6. The device according to any one of claims 1 to 5, 
wherein the metal terminal has a recess at an end 

20 facing the whip antenna, a projection radially 
extending for preventing detachment is arranged in 
the recess, and the joint portion has an end embed- 
ded in the recess. 

25 7. A method of manufacturing an antenna device for a 
portable telephone, the device comprising 

a whip antenna, 

a guide ring consisting essentially of a syn- 
30 thetic resin and fitting on the whip antenna near 

its upper end, 

a first coating layer consisting essentially of a 
synthetic resin, and having a main portion coat- 
ing the whip antenna below the guide ring, 

35 a helical antenna mechanically connected to 

the whip antenna through a metal terminal, 
such that the helical antenna is electrically con- 
nected to the metal terminal and is positioned 
on an upper side of the whip antenna, and 

40 a second coating layer consisting essentially of 

a synthetic resin and coating the helical 
antenna, 

the method comprising: 

a first molding step of molding the guide ring by 

45 means of insert molding, using first synthetic 

resin, such that the guide ring fits on the whip 
antenna near its lower end; 
a placing step, after the first molding step, of 
placing in a mold the whip antenna with the 

so guide ring attached thereto, the helical 

antenna, and the metal terminal, in accordance 
with positional relationships in the device; and 
a second molding step, after the placing step, 
of pressure injecting a second synthetic resin 

55 different from the first synthetic resin into the 

mold, and coating the whip antenna with the 
second synthetic resin to form the first coating 
layer, while moving the guide ring on the whip 
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antenna toward the metal terminal by the sec- 
ond synthetic resin. 

8. A method of manufacturing an antenna device for a 
portable telephone, the device comprising s 

a whip antenna having a larger-diameter por- 
tion formed near its upper end by means of 
forming, 

a guide ring consisting essentially of a syn- w 
thetic resin and fitting on the whip antenna, 
such that the guide ring abuts against the 
larger-diameter portion to rest at a position 
below the larger-diameter portion, 
a first coating layer consisting essentially of a is 
synthetic resin, and having a main portion coat- 
ing the whip antenna below the guide ring, and 
a joint portion coating the guide ring and the 
larger-diameter portion, 

a metal terminal mechanically connected to the 20 
joint portion, 

a helical antenna mechanically connected to 
the whip antenna through the joint portion and 
the metal terminal, such that the helical 
antenna is electrically connected to the metal 25 
terminal, and 

a second coating layer consisting essentially of 
a synthetic resin and coating the helical 
antenna, 

the method comprising: 30 
a first molding step of molding the guide ring by 
means of insert molding, using first synthetic 
resin, such that the guide ring fits on the whip 
antenna near its lower end, the whip antenna 
having the larger-diameter portion formed ther- 35 
eon; 

a placing step, after the first molding step, of 
placing in a mold the whip antenna with the 
guide ring attached thereto, the helical 
antenna, and the metal terminal, in accordance 40 
with positional relationships in the device; and 
a second molding step, after the placing step, 
of pressure injecting a second synthetic resin 
different from the first synthetic resin into the 
mold, and coating the whip antenna and the 45 
guide ring with the second synthetic resin to 
form the first coating layer, while moving the 
guide ring on the whip antenna by the second 
synthetic resin until the guide ring hits the 
larger-diameter portion. so 



under load higher than that of the second synthetic 
resin by 60°C or more, when a flexural stress of 
18.0 MPa is applied. 



9. The method according to claim 7 or 8, wherein the 
guide ring has an outer diameter substantially the 
same as that of the main portion of the first coating 
layer. 55 

10. The method according to claim 7 or 8, wherein the 
first synthetic resin has a temperature of deflection 
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